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Isolation of Bacillus alcalophilus AX2000 Producing Alkaline Xylanase and Its Enzyme Production.
Park, Young Seo* and Tae-Young Kim. Division of Biotechnology, Kyungwon University, Seongnam 461-701,
Korea — An alkali-tolerant bacterium producing the xylanase was isolated from soil and identified as Bacillus
alcalophilus. This strain, named B. alcalophilus AX2000, was able to grow and produce xylanase optimally at
pH 10.5 and 37°C. The maximum xylanase production was obtained when 0.5%(w/v) birchwood xylan and
C.5%(w/v) polypeptone and yeast extract were used as carbon source and nitrogen source, respectively. The
tiosynthesis of xylanase was under the catabolite repression by glucose in the culture medium, and inhibited
i1 the presence of high concentration of xylose. The maximum activity of xylanase was observed at pH 10.0
and 50°C and the enzyme activity remained was over 80% at 60°C and from pH 5.0 to 11.0.
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Fig. 1. Scanning electron micrograph (x10,000) of B. alcalophi-
lus AX2000.
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Fig. 2. Phylogenetic tree of B. alcalophilus AX2000 based on
16S rRNA sequence analysis.
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Table 1. Effect of carbon source on the xylanase production.

. |
Carbon source Cell Xylanase activity Xylanase

rowth activit
(1%, W/V) Egonm) U/ml (%) /ODsoz

None 1.15 -2 - -
Glucose 1.59 - - -
Fructose 1.91 - - -
Maltose 1.97 - - -
Xylose 1.31 - - -
Galactose 1.39 - - -
Mannose 1.57 - - -
Arabinose 1.39 0.10 46 0.07
Ribose 0.92 - - -
Raffinose 1.26 - - -
Sucrose 1.80 - - -
Lactose 1.64 - - -
Glycerol 1.19 0.01 2 0.01
Mannitol 1.57 0.02 7 0.01
Oat-spelts xylan 1.02 0.16 74 0.16
Birchwood xylan 1.50 0.22 100 0.14
Soluble starch 1.69 0.02 9 0.01

Carboxymethyl cellulose  1.02 - - -

*Not detectable.

xylan B U2 gtA9E A7l wiAo) A stade] E5
of whe} fA0] AJAbe] FEH AV FAIH o Aakd) ot
2hA viidlo] AsgEl 7)Aol 7] 7}A] F5e] wias]
£ 1%(wiv) H7ste] ehAdel] ol xylanase®] PARE =
Absl A Table 13} 7ol vhAS AH7IsHA] dotke 7%
24832l polypeptone®} yeast extract AJE-S o]-&3led T2
A& 7hssisdont 84 32 vep ] dstel. Xylanase
AL birchwood xylang rYst skl g Arisislg
3¢ 713 E9kom birchwood xylan2] 7P e &
A AL 0.5%(wi)e] =M 71 Ekei(data not
shown). Oat-spelts xylang H7HS 739l 74%2] 24
e =T 5 AT ol xylan®] FEA Q] Aol 2
3 o857} FEir)7] wifole}l Az},

Xylam 1 724 EAd| ulel 7 742 s 5 9l
9 dubA S 2 hardwoodol| = acetylated xylan®] He] =2,
softwoodoll = arabinoxylan2 2. £} 3+c}{32]. Acetylated
xylan- 2% 70742] B-1,4-linked D-xylopyranose %715
71EFALE sled 10709 AIwb 24 $iAef shie] 4-
O-methyl-a-D-glucuronic acid $1E A3 9131 O-acetyl
717} B-D-xylopyranose X719} 1—2 == [—3 22 sl
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arabinoxylan< 1371 2] (1—4)-linked B-D-xylopyranose %t
7|15 71EZAL R o] )] (1-2)-linked 4-O-methyl-a-D-
glucuronic acid )¢} 3h}e] (1—3)-linked L-arabinofuranose
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FAE A 9)e] 4-O-methyl-a-D-glucuronic acide}
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7t A= xylanase: 713 ¢lxylane] BEZA] &zl of
I AgAe] o FoRA e i Bl HoE FlEi.
Panbangred 5[19]-& B. pumilus7} A8l xylanase:
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Z3lo] 36A|7F wiokel ok WSk AFEd 9] xylanase B4d-S
Zx1stdct. 1 A3} Fig. 3oA vfepd wiel 2ol 0.5%(w/
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A 3o M FEAATA Fol| catabolite repressions = 7
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7o) 7hed3] o]-4E:= ehARlo] EA|A] Bl FHEA A
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Fig. 3. Effect of glucose concentration on the xylanase produc-
tion.
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(CREpl Fagtez 4 s F221e] AARE whsigiei o
2 alohs-7,21]. B A¥d A" B alcalophilus
AX20009] xylanase &4l Y3k catabolite repression 7]2f
£ AF8] Yshre xylanase FAAE E29351 o
Aalol| EAs}= cis-acting F-HE ZARHE 7lo| B oshA,
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AN S APAEE AR Be2r) 875

ool EF0| WE oMol Qe

Aidde) w2 F59 xylanase BAHIE 2ARE] 98}
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Ae] AgE 7)RuA]el) I8 7pA] F5e] FIELYS
F71AHEYE 1L.0%(wivyE FEF AA7IRE F vl e
TSNS SAEn 2 A9 A9 S AR ke
73Sollis 7] Aol A o] FoiA|A kot vkl R A
748k 1.0%(w/v)2] birchwood xylantHe 2= qFo] A-§=|7|
A5S o F Aslen AN S HRIEE A TelE
o] Aol w-f- A EFRAL xylanased] Aol A3 o]
o}R|A] ¢kol ] A{F Ha AR A= HHEA] F
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3= polypeptoned} yeast extract® 212t 0.5%(wivyd 7}
RS A 7P 2 B AREES R en] 2o
AAE A 252 4 5 s H(Table 2). Polypeptone®}t
yeast extract®] H7bgko] wE E4 AP A==
polypeptone®} yeast extracts Y4 H|E 3led 0.5%(w/v)
71 s=elA 7P F25 % 4 3%eK(data not shown).
ol el A2 e £ FFE o83l BT Akl 9
3k 3 w272 0.5% birchwood xylan, 0.5% glucose,
0.25% polypeptone, 0.25% yeast extract, 0.1% K,HPO,,
0.02% MgSO4-7H,0, 1% Na,CO;, pH 10.52 ZAA 30}

Xylanase M&Q| time course

2 A7l A HAHPAIAE o] B3] wlj kA Zhell
o2 7o AEEe AR ALl S ok’
% il AR NA ) 1%(v/v) FE3IA 37°CHIAM
oFsbn/d o] A} EASA S vl 7 EZ A Fig. 4
o) viehd uke} Fho] ok F 4AIZHEE] 5FA]7)el| o
7} 142 Zol] HA7Jel] E3ideh. EAYAR ul F 16
AR §43] AR AlRbsted 244170 4 4

2 A3

Xylose SOl IFE §4 Meko| st

XylanaseZt 7)<l xylang Eslidted AA=EE 2F AL
2l xyloseZ} BAS] Aol @ J3FS wlx|=x] golr.
7] 15-49 0.5%(w/v)S] birchwood xylang stAY o2 3
7V 7 BufRlel]l A4 Fxo xylosed A7 F B FF
= AZ3le] 244174 wioksr ok wioF AFSelel xylanase &
AS At 2 A Fig. 5914 vhebd vRe} 7o)
xylose®] Fx=7} F715tel uhe} &40 3HAJo] 7h48led
2%(wA)°e] xylose EEo A= xylanase2] #AXe] 30% =
2.2 tasidnt. of AR HE B FAE FHFAE

Table 2. Effect of nitrogen source on the xylanase production.

Nitrogen source Cell Xylanase activity Xylanase

growth activity/

(1%, wiv) (ODgge) U/l (%) ODsoo
None — - -~ -
Polyperitone 1.29 0.24 92 0.19
Yeast extract 1.27 0.12 47 0.10
Polypeptone(0.5%)+
Yeaslt)efitract(O.S%) 1.38 0.26 100 0.19
Malt extract - - - -
Soytone: 1.05 0.17 65 0.16
Casamiao acid 1.19 0.15 59 0.13
(NH,),504 0.43 - - -
NH,Cl 0.16 - - ~ -
NH4NQC; 0.17 - ~ -

#Not deectable.
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xyloseol] ©]8] feedback inhibitions W=ty =gl
S. rolfsii[2518} T. reesei[36]7} AAF8}= xylanase= xylose
o) o) W] §EHT Bacillus sp. AMX-A[BT]E
xyloseE gtatloz wjx] Fol H71s19S 7% A7
ot-S WE Y xylanase®] AJAbAd o] 158 AHXx Z7}E o]
xyloseZ} xylanase A @A 9] Fredz 2-48chy W sly]
©v Panbangred 5[19}2 B. pumilus7} A= xylanase
£ xyloseell 23] Fegichal Rusle] 2 Q- Aol 4
o]gt Az}E Rlo} 33 Roncero $[23] B. subtilis
xylanasel= xyloseol] 23] EAde] 93] Ak ¥ s}
of & A7 A3}e} FARE 23S eRdeh

Xylanase &49] %X pH 3 pH oF&N

£ AYe| AR FF7F AR xylanase®] EAA &
A& AXNAHZ A 98] HH A A A 2447
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Fig. 4. Time course of xylanase production. M, Cell growth; A,
xylanase activity.

100

o @
o o
T T

Relative activity (%)
P
o

0 L ) i 1
0 0.5 1 1.5 2

Xylose (%, wiv)

Fig. 5. Effect of xylose concentration on the xylanase produc-
tion.
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pHE olR7] 93led pH3~77FAlE= 10mM citrate-
phosphate 9458 pH 7~97}x]= 10 mM Tris-HCl 9158
o pH 9~117F2]%= 10 mM sodium bicarbonate $H5~8-4-&-
AHgsled Z1A LA S HE F FANT wbAlA B
< 533 2} Fig. 6AlM e} Ze] pH 1001M HHBAE
vepd v A 27eAM e Bhe] o] wlg- e} E
EAE odzeA A4S o ek Il e
xylanase= W2 pH HHoA HHBARE FA8KL AT
22| xylanase:= YubH o2 Fho] 2l xylanase® v} =
< pHAlA HAEAYE A= A= odex v 2982
2] A Bacillus sp. C-59-2°] xylanase[9]= pH 6~8°| A 3
H2AE el B. pumilus TPO[19]2] 7% pH 6.501A,
Aspergillus niger str. 14[812] 74-%-ol%= pH 4.001A )&
A& vebddta B} g}, w3t 393elAl Bacillus
41M-1[18]°] AAYsR= xylanase:= pH 9|4 A4S 1}
epl e, Bacilllus sp. C-59-2[91%] 735 pH 5.5~9.0, B.
stearothermophilus7} A AFslE=  xylanase¥ pH 7.0[11],
Aeromonas sp. 212[13]9] 73-%<ll&= pH 7.0~8.0014 A&
AL Vepdeia BaEe] E QoA ARSH d5e e
o] A Aol MAKH= xylanase® ol 2 dFE] £
A #HA pHE A EAE S o 5 Ui
E2o] pH NS AP el 2 pH = Az ¢
FEdol]l EAENE 7ls] 40°CollA] 30 2t WA F 10
mM Tris-HCL, pH 8.0 $H5-4-%°2 pHE AT ¥ E4
o] 23S 2As19del. 2 A3} Fig 6AddIA e} o] 2
FEAE pH 5~11901M 80% o|4fe] AEEAdL vepisiedl
Fob2l A Bacillus sp. C-59-29] xylanase[9}= pH 5~11
ol X, B. pumilus TPO[19]2] 73§~ pH 5~99l A, 4. niger
str. 14[812) 735l pH 5~102] WA A8l Bw
g v} glo] B f4E AY] dFEENE fUE AAaER
o Q2 pH HeelA B o) Qe FRES & &
slsd=.

Xylanase &49| 21N 25 U oHYH

Xylanase £24284 0] A 2w &% b S AR
7] $)ste] FHH AN A A 24412 F)F wieFSt WY
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Fig. 6. Effect of pH(A) and temperature(B) on the activity and
stability of the xylanase. The buffers used were 10 mM citrate-
phosphate buffer (pH 3~7), 10 mM Tris-HCI buffer (pH 7~9), and
10 mM sodium bicarbonate buffer (pH 9~11). The enzyme solu-
tion was incubated at indicated buffers for 30 min at 40 for the pH
stability and incubated at indicated temperature for 30 min for the
thermal stability. The remaining activity was determined under the
standard condition. @, Relative activity; A , residual activity.
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